The paper analyses the impact of knowledge spillovers on output per worker at the industry level using a primal production function approach. The paper make three different contributions in the international spillovers literature: first identifies trade related spillovers under alternative assumptions regarding the information transferred through imports; second, explores the importance of horizontal and vertical FDI in knowledge spillovers and third looks at how institutional factors determine the impact on FDI related spillovers on productivity. The main findings of the paper are: international knowledge spillovers are an important driver of industry output per worker; the economic size of this effect is smaller the more restrictive the assumptions are about the amount of information embodied in imports; the elasticity of output with respect to spillovers is not negligible but it is definitely lower than industry's own R&D; the effect of spillovers on productivity is mainly driven by high technology industries; gains from FDI spillovers are horizontal, high protection of intellectual property rights and the ease of doing business increase substantially the effectiveness of both horizontal and vertical FDI related spillovers.
Introduction
Improving the level of productivity is widely regarded as the main source of welfare and economic prosperity. Over the last fifty years, economic literature has identified various drivers of productivity in an attempt to understand the sources of persistent productivity differentials across countries. Historically, developed nations followed a strategy of physical and human capital deepening in stimulating growth and higher levels of per capita income (van Aark et al.,1993; Dougherty and Jorgenson 1996; McAdam et al.2010) . As countries approach the international technological frontier, to remain in a high growth trajectory they must invest in the generation of new knowledge and ideas through Research and Development (R&D).
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In parallel with the investigation of channels that create new knowledge, the research agenda has focused on the importance of knowledge diffusion (Syverson, 2011) as an equally crucial driver of productivity. Coe and Helpman (1995) , Keller (1998 Keller ( , 2004 Keller ( , 2010 , León-Ledesma (2005) (among others) consider international trade as a conduit for the diffusion of foreign knowledge, which in turn improves productivity performance. Trade and mainly imports increase contacts with foreign producers which enhances knowledge spillovers.
R&D also generates gains via higher social returns to innovation; the importance of the social returns to R&D always depends on the effective transmission of the existing knowledge. Knowledge spillovers can be either national or international in scope, with special importance to laggard countries (Mancusi, 2008) as it provides access to technological expertise and advanced know-how without incurring the cost associated with research fertility. Although the existence of knowledge spillovers are acknowledged in the production process, to quantify their contribution to output is not straightforward (Hall et al. 2010 ). To start with, research appropriability is not always granted and since knowledge is a non-excludable good it can easily spill over to agents that have not bear the cost of innovation input. In this case, the social rate of R&D return 2 is usually bigger than it is initially expected even if it is not accurately measured (Van Meijl, 1997) . A common thread in the literature is that imports and FDI are the main channels of international knowledge transmission but an effective measure of international knowledge transfer encounters substantial frictions (Van Pottelsberghe and Lichtenberg, 2001; Keller, 2010) . First, knowledge spillovers are basically externalities 3 which are not easily codifiable as the amount of information embodied is tacit in nature. Therefore, the diffusion of knowledge through imports and FDI is not an automatic process. Second, a key objective derived from the previous consideration is how to construct appropriate pools of international knowledge spillovers. This issue remains highly controversial and puzzling (Keller 1998; Coe and Hoffmaister, 1999; Funk, 2001; Falvey et al. 2004) , which casts serious doubts about the real economic impact of knowledge spillovers on productivity. To contribute to this agenda the present study relaxes the assumption (Coe and Helpman, 1995; Coe et al. 1997 , Engelbrecht, 1997 ) that a unit of imports always contain the full amount of knowledge used to produce it, instead we assume that the scale of information transferred from the source to destination country varies thus alternative weighting schemes used to measure knowledge spillovers. We employ industry level data, which is rather limited in the current spillovers literature for 12 manufacturing industries in 14 OECD countries. The important but few industry level studies (Bernstein and Yan, 1997; Park, 2004; Schiff and Wang, 2006; Acharya and Keller, 2009) do not address the controversial issue of measuring alternative pools of international spillovers but rely on a universal index of knowledge spillovers assuming that a unit of trade provides full information about the knowledge required to produce it. 2 The latter effect is of special interest to policy makers that design polices associated with R&D subsidies and R&D related tax exemptions. 3 Knowledge diffusion might also happen via transactions such as royalties, licences and copyrights. In this case, the existence of actual data can make easier the measure of technology transfer.
Our paper incorporates in the spillovers literature an institutional dimension. The existence of an appropriate institutional environment is potentially a crucial productivity driver as it determines on how efficiently foreign knowledge is utilised in the domestic production. Earlier studies (Coe et al.1995; Keller, 1998; Kao et al., 1999) as well as a more recent one (Agn and Madsen, 2013) focus on various transmission channels of knowledge spillovers while they neglect the institutional status in the recipient country. Coe et al. (2009) with use of country data show that the potential of knowledge transfer depends on the degree of patent protection in the host country. The persistent cross-country as well as cross-industry productivity differentials imply that the evolution of the spillover-led productivity process is not always straightforward and there are still many unexplored components in this puzzle.
One of these components is how the institutional framework in the recipient country interacts with the traditional transmission channels. In particular, the present paper looks at the ease of doing business and protection of intellectual property rights as conditions for the effective absorption of FDI related spillovers.
The paper encompasses industry level data to overcome standard bias inherited in highly aggregate data (Hall et al., 2010) . We do not assume within country homogeneity but allow for industries to have different capabilities in absorbing spillovers. In a similar line of argument, we explore the possibility that spillovers can also be intra-national as imitation of knowledge can also occur across industries within country.
Methodologically, we use a primal approach following Griliches (1979) in specifying a production function whose technological parameter is modelled as function of human capital, domestic knowledge and international R&D spillovers. The two channels of knowledge spillovers considered are trade (Ang and Madsen, 2013; Yasar, 2013) and FDI (Carr et al., 2001; Branstetter, 2006; Havranek and Irsova, 2011) recognising that international exchange of goods and factors embody substantial information about foreign R&D stock. We construct four indices of international spillovers that allow for different weighting schemes depending on the scale of information embodied in the standard transmission channel of imports. We also test whether the effect of FDI related spillovers increases if the host country offers a business friendly environment with strong protection of intellectual property rights.
The remainder of this paper is organised as follows: section 2 presents the analytical framework; section 3 shows the measurement of knowledge spillovers; section 4 discusses the data with the econometric specification; section 5 presents results from import and FDI related spillovers, including results from the institutional aspect of spillovers and section 6 concludes.
Theoretical Framework

The Production Function: The Benchmark Model
We assume a standard industry-level production function of the form: c,t i,c,t i,c,t i,c,t i,c,t i,c,t 3 i,c,t i,c,t i,c,t i,c,t i,c,t i,c,t 
5 We follow a long tradition in the literature of growth empirics (Benhabib and Spiegel, 1994; Islam, 1995) by including human capital in the TFP equation instead of an input in the production function. 6 The weighting scheme implies that there are different interpretations of the amount of information transferred and received between sender and recipient country. Section 3 describes the four alternative weighting schemes used in this study. 7 See also Griliches (1979) , Griliches (1980) and Griliches and Mairesse (1984) for earlier studies using the production function approach. 8 See Eberhardt et al. (2013) use a different approach without using specific international knowledge spillovers rather focusing on the establishment of an econometric correlation between output and unobserved factors which are attributed to spillovers. Their estimation technique is a variation of the Pesaran et al. (2006) estimator used in this paper, see section 4.
To sum up, the parameters to be estimated-in this extended production function-are of:
traditional production inputs ( 2 α ) and ( 3 α ), human capital ( β ), industry's own R&D stock ( γ ), domestic spillovers ( φ ) and international spillovers ( θ ). Note parameter θ will be estimated separately for each different pool of knowledge spillovers
Measurement of Knowledge Spillovers
R&D does not always lead to new inventions thus research outcomes are not normally protected, which permits us to further explore hypotheses associated with the amount of information transferred through imports. A set of four international spillovers indices is defined to capture whether different proportions of knowledge are transferred in the domestic industry based on whether knowledge is regarded as a pure public or private good.
We first start with domestic spillovers from R&D stock 9 across industries in the same country. This index assumes that the flow of inter-industry R&D spillovers is parallel to the flow of commodities. The size of domestic R&D spillovers is analogous to the degree of "technological proximity" (Branstetter, 2001 ) between industries i and j. 10 The index of domestic R&D spillovers is defined as follows:
9 R&D stock is computed as follows:
where RDS indicates R&D Spending expressed into 1995 USD prices applying the GDP deflator, δ is the annual depreciation rate of R&D stock taken as common for all industries at 15%. The R&D stock series is initiated from a steady state formula identical to the one derived for physical capital:
where ω is an element of the Leontief inverse matrix. The inverse matrix is generated from an input-output table that describes sales and purchases of commodities between industry i and j within country c.
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To address the various controversies related to the measurement of international knowledge spillovers, we construct a set of indices using different assumptions for the amount of knowledge transferred and received through imports (Falvey et al., 2004) . The first index assumes that the knowledge embodied in foreign R&D stock is a public good thus a unit of imports incorporates the entire information used for the production of this product whereas this information becomes available in full to all agents in the industry of the recipient country. This index is identical to the one used in Coe et al. (1995) and Coe et al. (1997) and it is written as:
where s stands for the bilateral import share between country c and f in industry i.
The assumption that knowledge transfer to recipients countries has no limitations is too strong. A large strand of literature (Griffith et al. 2004; Cameron et al. 2005; Augier et al., 2013) argues that the benefit of spillovers is larger if domestic industries have certain characteristics. In that case to get the spillover effect we need to scale the information transferred with import penetration in industry i. Therefore, the second index examines whether the benefit from international knowledge is greater-in two hypothetical recipient countries with the same import share s in industry i -the greater is industry i's import penetration. The second index is written as:
The ratio
The third index considers the case that knowledge in the sender country f is not a pure public good thus the amount of R&D information transferred in a unit of import from country f to c is limited. To capture the limited transfer, we scale foreign R&D stock with foreign output. The index is written as:
The fourth index takes the combination of having both limited transmission of foreign knowledge through a unit of imports and different degree of information availability in industries of recipient countries. In this specification, the amount of indigenous R&D knowledge embodied in importing commodities is larger the higher is the degree of import penetration in industry i in country c. This index is written as:
We construct two indices to capture how domestic industries can benefit from the advanced technological expertise of multinationals affiliates hosted in the domestic economy. 12 The first index is a measure of horizontal FDI (HFDI), which is defined as the share of inward FDI to output in industry i:
where x measures output in industry i.
There is also scope for vertical FDI knowledge spillovers through knowledge transfer from multinational affiliates in downstream sectors towards industrial suppliers in local upstream sectors in order the former group to benefit from better quality inputs purchased from the latter. Backward Industrial linkages are measured as per index (7). The index of vertical FDI (VHFI) is specified as:
Empirical Analysis
Data Coverage
The period covered is 1987-2007 for 12 manufacturing industries (ISIC Rev.3 Classification) in 14 OECD countries (Table 1) Variables are expressed into constant 1995 prices using the following price deflators, output price index (GO_P), capital price index (Ip_GFCF) and material price index (II_P). Then we convert values into USD using PPP exchange rates from OECD-National Accounts.
Data for R&D expenditure are taken form OECD-ANBERD database. The time span of ANBERD is currently available up to 2007, which basically dictates the time coverage of the whole study. The series of R&D stock described in the previous section is generated from R&D expenditures expressed in 1995 USD prices converted with PPP exchange rates. The pool of foreign R&D stock is calculated from 18-OECD countries and data for bilateral import shares specified in equations (8)- (11) 
Preliminary Evidence
Appendix A1 shows a scatter plot for average values of output per worker for each sector. Germany, Japan, the Netherlands and UK maintain a very similar level of output per worker for this period. Countries that can be identified as productivity outliers are Denmark and Slovenia. To further understand the distribution of R&D stock among partners, Table 2 displays average values of R&D stock by industry for the 18 partners used to calculate the pool of international spillovers. USA is an R&D leader with an average stock in most sectors almost triple from Japan, which is the country with second highest stock in the sample. In Europe, UK has the highest R&D stock on average with France and Germany to follow. Appendix A3 summarises statistics for the remaining variables and Appendix A4 shows pairwise correlations for ISP1-ISP4. As expected the spillover indices are highly correlated with each other suggesting that they should enter regressions interchangeably to avoid multicollinearity. Values are in millions of 2000 PPP USD. The formulae for the construction of R&D stock are given in equations (12)- (14). 
Econometric Estimation
Parameter 0 b is an intercept that imposes homogeneity for simplicity of exposition, this can be extended to include observed common effects, such year and country dummies. X is a vector of ( k × 1 ) regressors inputs and ′ b are parameters to be estimated. The multifactor structure of the error term due to cross-sectional dependence is now described as:
unobserved common factor effects and ε is the standard idiosyncratic error independently distributed of X . The estimation technique must account for non-zero loadings in ρ otherwise the estimates are biased and inconsistent (Coakley et al. 2006 ).
We first test for cross-sectional dependence (CD) in (4) following Pesaran (2004) , which develops a pair-wise correlation coefficient in OLS residuals that without controlling for cross- 13 In an production function like (4) industries can be subject to common unobserved macroeconomic shocks in year t. Therefore empirical estimation should be able to establish real knowledge spillover effects that are disentangled from data dependencies due to empirical misspecification. sectional dependence. Table 3 reports CD results for specification (4) that include spillovers indices (9)-(13) interchangeably. The null hypothesis H cov 0
easily rejected in all specifications indicating the existence of cross-sectional dependence in our data.
We also test for serial correlation in the residuals using the Arellano and Bond (1991) test, results are shown in Appendix B1. We now turn to the estimation technique of (4) in the presence of cross-sectional dependence.
Pesaran (2006) augments the pooled OLS estimator with cross-sectional average of both y and X to proxy for the linear combination of unobserved common effects. We refer to this estimator as the Common Correlated Effects Mean Group Estimator (CCEMG) 14 , which allows for unobservables to have a different impact across i (Appendix B2). Results from CCEMG are shown in Table 4 .
Another source of bias for (4) is the existence of systematic feedback effects between output and production inputs. The exogeneity assumption might still fail if one assumes that higher productivity is likely to impact on industry's future purchase of inputs. This implies:
where E is the conditional expectations operator. In other words, an unobserved mechanism can drive both the error term in (4) and inputs, causing simultaneity bias. A similar interpretation of endogeneity applies for the spillover variables. To relax this moment condition we use an instrumental two step GMM estimator. GMM estimator also controls for unobserved measurement errors in the construction of all variables in (4). Given the 14 Monte Carlo experiments in Pesaran (2006) show the asymptotic efficiency of CEMG under slope heterogeneity.
evidence of no serial correlation in second and thirds lags, we use as instruments values of the endogenous variables in periods (t-2) and (t-3) under the assumption that productivity shocks at time t are uncorrelated with input choices in previous periods. The validity of the instruments is assessed by the Anderson LM test of under-identification and the Hansen-J (1982) test of over-identifying restrictions. As shown at the bottom of Table 5 we cannot reject the null hypothesis of instrument validity while the null hypothesis of the LM test that the matrix of reduced-form coefficients in the first-stage regression is under-identified is rejected at high levels of significance.
Results
Results from CCEMG and GMM
We first focus on CCEMG results in Table 4 , the coefficients of capital and materials are between 0.39 and 0.40, the assumption of CRS is rejected as pointed out at the bottom of the table.
Note CCEMG is taking into account panel heterogeneity and the estimates shown in Table 4 are cross-section averages. This means that the picture for individual cross-sections might vary substantially but one should be cautious in drawing inference from individual cross-section estimates (Pedroni, 2007) . Indicatively, Appendix C list coefficients for the 12 individual industries.
Accordingly, 25% of industries exhibit increasing returns to scale, 15% exhibit constant returns while the remaining 60% operate under decreasing returns. Robust standard errors in parentheses with * p < 0.10, ** p < 0.05, *** p < 0.01. The dependent variable q is the log of gross output per hour worked. Regressions include an intercept and year fixed effects. CRS refers to constant returns to scale for capital and materials, chi2(1) and p-values are reported. Coefficients of cross-section average regressors are not reported as they are not interpretable in an economic way. They only capture the impact of the unobserved common factor. N_g is the total number of observations in each cross-section. Avg_n is the number of observations for regressions from which these averages are constructed.
The coefficient of human capital (h) is positive as expected and statistically significant in all specifications of Table 4 . The elasticity of output with respect to human capital is between 2.6% and 4.3%. This result complies quite well with findings from cross-country estimates about the role of human capital on productivity measures (Benhabib and Spiegel, 1994 and Miller and Upadhyay, 2000) . The impact of industry's own R&D stock r is positive and statistically significant in all columns of Table 4 . The coefficient of r is between 0.13 and 0.186, which indicates an R&D elasticity of 18.6% at the highest end. With regard to r in the GMM estimates of Table 5 , the coefficient is again statistically significant but with a lower magnitude at the range of 4.6% and 5.2%.
R&D elasticities from both CCEMG and GMM are in line with previous firm level studies (Bertelsman, 1990; Hall and Mairesse, 1995; Rogers, 2010) Turning to the estimates of international spillovers ISP1-ISP4, the results are positive and significant in all specifications. In the CCEMG estimator the knowledge spillover has elasticity between 1% and 3.6%. The size of this elasticity is 3.6% if we assume that the entire amount of knowledge embodied in foreign R&D stock transferred through imports. 15 If we assume that the effect of spillover is analogous to the degree of import intensity in the domestic industry the elasticity reduces to 2.6%. With more restrictive assumptions about the amount of knowledge transferred from source to destination the elasticity is reduced even more to 1%. These results indicate that there are spillover effects even after controlling for the presence of cross-sectional dependence-a key omission of the previous literature-whose size depends on the assumption made indicate that the effect of spillovers is significantly lower from own R&D but the former is far from being viewed as negligible. In the GMM results, Table 5 the elasticity of output per worker with respect to spillover variables is always half of that of r with the exception of specification 3. Clustered robust standard errors in parentheses with * p < 0.10, ** p < 0.05, *** p < 0.01. The dependent variable q is the log of gross output per worker. All specifications are estimated with the two step feasible GMM estimator. The instruments used are k, m, h, r, DSP, and ISP in periods (t-2) and (t-3). Regressions include an intercept, country, industry and time fixed effects. The Hansen statistic of over-identification tests whether the including instruments as a set are valid, thus exogenous. LM Anderson (1984) is a likelihood ratio test of under-identification referring to whether excluded instruments are relevant.
SUR Estimates and Results for Low and High Technology Groups
In the presence of industry heterogeneity 16 and cross-sectional dependence in the residuals another feasible estimator is the Seemingly Unrelated Regression (SUR) that allows coefficients to vary across industries. The CCEMG estimator in Table 5 assumes heterogeneity, nonetheless we can estimate (4) for each individual industry using SUR to obtain a more comprehensive idea about the effect of R&D in each specific industry. This approach also permits us to explore whether the pattern of results varies if we divide industries into groups of low and high technology. To save space here we show and discuss results only for the first international spillover index (ISP1).
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With reference to traditional inputs, chi(2) test in the last column of Table 6 Electrical Equipment (13.5 and 14.6%, respectively). These results indicate that international exchange of ideas tends to benefit more high tech industries while low tech industries are less capable of absorbing productivity gains from foreign knowledge stock. The lack of absorptive capacity in the low tech group is mainly due to limited within industry R&D activity, which becomes an impediment in facilitating into domestic production international technological advancements. 
FDI Related Spillovers
The empirical approach that associates FDI with knowledge spillovers relies on microeconometric evidence, which assumes that any measure of FDI embodies the amount of knowledge and ideas existing in multinational subsidiaries (Aitken and Harrison, 1999; Xu, 2000; Haskel et al.2007; ). Javorcik (2008) find evidence of substantial technological externalities from FDI that impact on domestically owned firms, which can further boost aggregate industry productivity. Nonetheless, the literature of FDI spillovers is rather puzzling as recent studies are not always conclusive with some of them (Javorcik and Spatareanu, 2008 and Blalock and Gertler, 2008) to document even negative FDI effects on domestic productivity. Atiken and Harisson (1999) attribute the negative impact of FDI to inverse effects induced from foreign competition. However, studies with negative results of FDI on domestic productivity use standard within effects fixed estimators with controlling neither for cross-sectional dependence in the panel nor for potential endogeneity bias between FDI decisions and domestic productivity.
The approach of the present study is to replicate specification (4) with CCEMG and GMM estimators including indices of horizontal FDI (HFDI) and vertical FDI (VFDI). For comparability Tables 7 and 8 show estimates from specifications that include both import and FDI spillovers. The number of observations is now smaller as FDI data are available from 1990 onwards. Table 7 reports CCEMG estimates and shows the existence of statistically significant Horizontal FDI effects on productivity. The estimates of HFDI are in the order of 1.6 to 1.8% while the coefficients of import induced spillovers are between 0.8%-1.5%. When (4) is estimated with GMM using as instruments the values of endogenous variables in periods (t-2) and (t-3), HFDI coefficients are in the range of 1.8-3.4% and again slightly higher than ISP coefficients which are between 1 to 1.2% across all specifications. Turning to VFDI spillovers, all coefficients are statistically different from zero in the CCEMG Table 7 but their economic impact (i.e. 0.07% and 0.08%) is smaller from both HFDI and import induced spillovers. The VFDI estimates are turned insignificant in the GMM estimates in FDI elasticity in the present study -whose analysis also confirms the existence of horizontal FDI spillovers contrary to previous studies. Our results are more likely different from previous literature that fails to find positive FDI spillovers on productivity because we draw evidence from an OECD sample where absorptive capacity is -by default-stronger from that one of developing countries.
With reference to the weak effect of VFDI, which becomes insignificant when endogeneity bias is accounted for, our justification lies within two reasons, first the current VFDI index employs inputoutput table to measure the interaction across industries but this can be a misleading approach if multinationals do not have the same pattern of sourcing with domestic industries. The second reason stresses that technology transfer through vertical FDI is not free of charge thus cannot be easily identifiable from indices that measure the presence of FDI in upstream and downstream industries (Keller, 2010) . To capture knowledge spillovers from vertical FDI we need to subtract from the local supplier's revenue any contractual payment for selling materials and services to multinationals. This artifact measurement issue can only be addressed with information from firm or plant level data. Robust standard errors in parentheses with * p < 0.10, ** p < 0.05, *** p < 0.01. The dependent variable q is the log of gross output per hour worked. Regressions include an intercept and year fixed effects. Coefficients of cross-section average regressors are not reported as they are not interpretable in an economic way. They only capture the impact of the unobserved common factor. N is the total number of observations in each cross-section. Avg n is the number of observations for regressions from which these averages are constructed. Clustered robust standard errors in parentheses with * p < 0.10, ** p < 0.05, *** p < 0.01. The dependent variable q is the log of gross output per hour worked. All specifications are estimated with the two step feasible GMM estimator. The instruments used are k, m, h, r, DSP, ISP, and (t-3). Regressions include an intercept, country, industry and time fixed effects. The Hansen statistic of over-identification tests the hypothesis that the set of including instruments is valid, thus instruments are exogenous. LM Anderson (1984) is a likelihood ratio test of underidentification tests the hypothesis that excluded instruments are relevant.
Knowledge Spillovers and Protection of Intellectual Property Rights
This section examines whether country specific institutions affect FDI knowledge spillovers. More specifically, we focus on two different institutional aspects: (i) the patent protection legislation and
(ii) the ease of doing business. In a Schumpeterian growth model, a firm's decision to innovate depends on the difference between post and pre-innovation rents (Aghion et al., 2013) . Postinnovation rents are primarily determined from the legal system of patent protection. Likewise, technology transfer from an MNC's headquarters towards its local subsidiaries is heavily dependent on recipient country's legal system. An environment with increased protection of patent rights can stimulate within MNC technology transfer making local subsidiaries more innovative compared to domestic firms, hence inward FDI is upgraded to a major productivity driver. Park and Lippoldt (2005) claim that increased protection of intellectual property rights (i.e. copyrights on books, music, software, patent rights on inventions, and trademark rights on business symbols and names) encourage rights-holders to be less restrained of international technology transfer.
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The objective of our econometric specification is to unveil whether spillover effects from HFDI and VFDI are affected from the strength of patent protection and the ease of doing business.
The institutional indices are country specific without industry variation. The index of patent protection (Rights) is developed by Park and Lippoldt (2005) and takes values from zero (weakest) to five (strongest). It is an unweighted sum of five separate scores for coverage (inventions that are patentable; membership in international treaties; duration of protection; enforcement mechanisms; and restrictions. A second hypothesis to be tested is whether simultaneously high degree of patent protection and relatively easy procedures in doing business can improve productivity from FDI related spillovers. To save space regressions in Table 9 include only ISP1 from import related spillovers.
20
19 Our production data covers up to 2007 so we could not make use of institutional data after that year. 20 Results from the remaining import related indices are very similar and can be provided from the authors upon request. Standard errors in parentheses consistent for arbitrary heteroscedasticity with * p < 0.10, ** p < 0.05, *** p < 0.01. Regressions include an intercept, country, industry and year fixed effects.
Estimates in Table 9 are from a standard pooled OLS (POLS) with, country, industry and time dummies. CCEMG estimator is not applicable in this case as hi and lo dummies are perfectly collinear with fixed effects. The autonomous coefficient of (Rights) in column (1) is positive and statistically significant. This implies that a highly protective system of intellectual property rights encourages investment in projects with high returns whose effects in productivity is crucial. Similar results are found with TFP measures in Coe et al. (2009) . The interaction terms of hi×HFDI and lo×HFDI in the first lower panel of the Table 9 have opposite signs. These interaction coefficients should be interpreted relative to middle ranked countries as follows: countries with a relatively easier set of procedures in doing business can benefit more from FDI related spillovers while countries with a relatively harder set of such procedures in doing business struggle to exploit FDI related gains.
This pattern remains the same for both horizontal and vertical FDI measures. Regarding coefficients of triple interaction terms in the second lower panel of Table 9 suggest that high protection of patent rights in association with a relatively easier environment in doing business generates beneficial productivity effects. Similar results are obtained in the triple interaction with VFDI where the size of the estimated coefficient is relatively bigger than that of HFDI. Overall, Table 9 shows institutional heterogeneity whose impact on industry productivity varies substantially within OECD countries.
This heterogeneity is more likely to be derived from variations in the ease of doing business given that most of OECD countries have gradually adopted a highly protective system of property rights.
The latter remark leaves great scope for policy design towards reforms that can simplify rules and procedures in the broader business environment. Our industry level results are in harmony with considerations and findings from country levels studies on economic performance 21 and institutions stressing the importance of a well-functioning institutional framework as a prerequisite for growth and prosperity.
21 See Acemoglu et al. (2005) for a historical overview on this matter.
Conclusions
The present paper analyses the impact of knowledge spillovers on output per worker using an approach directly derived from an augmented production function. The key objective of the paper is to identify the importance of international spillovers under alternative assumptions regarding the information transferred through imports. The paper also explores the importance of horizontal and vertical FDI in knowledge spillovers as well as how the institutional environment impact on FDI related spillovers. Through various specifications and robustness tests, the key findings of the paper can be summarised as follows: international knowledge spillovers are an important driver of industry output per worker; the economic size of this effect is smaller the more restrictive the assumptions are about the amount of information embodied in imports; the elasticity of output with respect to spillovers is not negligible but it is definitely lower than industry's own R&D; the effect of spillovers on productivity is mainly driven by high technology industries as SUR estimates have shown; low tech industries are weak in absorbing knowledge spillovers. The study has not revealed substantial gains from intra-industry domestic spillovers. Horizontal FDI is an important vehicle for productivity improvements. The gains from horizontal FDI increase with the degree of protection of intellectual property rights in the recipient country and the degree of easiness of doing business. These institutional factors are also crucial conditions for the implementation of vertical FDI related spillovers.
Overall our results indicate that international knowledge spillovers exist and imports together with FDI are crucial vehicles for diffusion of foreign knowledge. Present findings are robust to econometric estimations that account for cross-sectional and endogeneity bias, which has not been very common in the traditional literature. Nonetheless, there are some constant caveats that apply when one seeks to provide interpretation of the present findings. First, we need more direct technology indicators associated with respect to FDI in order to provide more direct links between knowledge diffusion and productivity. Data on patent citations and licences can be more informative on how domestic firms benefit from foreign know-how. Second, an issue that still remains underinvestigated is to disentangle FDI knowledge spillovers from FDI competition enhancing effects.
These issues are paths for future research.
A policy message is also clear from the present study: trade and multinational enterprises can improve productivity at the industry level but these gains are bigger if there is an appropriate institutional environment. Given that evidence in this study is drawn from high-income OECD countries where protection of intellectual property rights is already strong, the policy focus must be on simplifying the procedures for doing business. Policy reforms towards this direction can yield substantial FDI related gains. Table 4 refer to cross-industry averages reported in this Table. 
APPENDICES
